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Description 

1. Tide of Invention 
Semiconductor memory device 

2. What is claimed is: 

1 . A semiconductor memory device comprising: 

a plurality of memory array sections that have the same storage capacity; and 

an address counter and an output latch circuit corresponding to each of said memory array sections 

respectively, wherein each of said address counters and output latch circuits operates at mutually different 

timings based on one or more clock signals. 
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2. A semiconductor memory device according to Claim 1 comprising: 

input latch circuits corresponding to said plurality of memory array sections respectively that operate 
at mutually different timings and that latch data that is input from a common input terminal using a time- 
division method. 

3. A semiconductor memory device according to Claim 2 comprising: 

said memory array sections that consist of two array sections consisting of dual-port memory cells; 

a write address counter, a read address counter, a write decoder, and a read decoder for each memory 
array section respectively; wherein 

a single memory cell is selected by supplying values from said address counters to the corresponding 
decoders respectively, and 

one of said two input latch circuits and the two groups of address counters operates synchronously 
with the falling edge of an input clock signal and the other operates synchronously with the rising edge of 
an input clock signal. 

3. Detailed Explanation of the Invention 
(Industrial Field of Application) 

The present invention relates to semiconductor memory techniques, more particularly, to a technique 
that is especially effective when applied to semiconductor memory access methods, and relates to a 
technique that is effective when used for, for example, serial access memories. 
(Prior Art) 

In the prior art, serial access memories have been adopted as a semiconductor memory applied to the 
storage of image data in televisions and VTRs. This type of serial access memory is a read- write memory, 
but it is designed for high speed and has no random access function. It does have an internal address 
counter and address signals are generated by incrementation using a clock, 
p. 587 

Note that a serial access memory has been described in "Nikkei Electronics", 1 1 February 1985 
edition, pp. 219-239. In addition, prior, related inventions are disclosed in Tokkai S62-154983 and Tokkai 
S62-0 14226. 

(Problem to Be Solved by the Invention) 

Serial access memories according to the prior art have had only a memory cell array and a set of 
input/output latches and an address counter built in and all have processed data synchronously with the 
falling edge of an externally input clock signal. 
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However, there is a problem in that, in the present semiconductor techniques, memory cycle times are 
limited to about 20 nanoseconds In contrast with this, memories with cycle times of 10 nanoseconds or 
less are being requested for the high vision field, and conventional serial access memories cannot handle 
this. 

An object of the present invention is to provide a semiconductor memory technique that increase 
apparent access speeds to two or more times the access speeds of conventional serial access memories. 

The aforementioned object and other objects of this invention as well as its new features will be made 
clear in the detailed description of the present invention and the attached drawings. 
(Means to Solve the Problem) 

The following is a an explanation of a summary of a representative case of the inventions disclosed in 
the present application. 

That is, a memory array is divided into two memory arrays and an address counter and an 
input/output data latch circuit is created for each memory array. The address counter and latch circuit for 
one of the two memory arrays is made to operate synchronously with the rising edge (or falling edge ) of 
a clock signal and the counter and latch circuit for the other memory array is made to operated 
synchronously with the falling edge (or rising edge) of the clock signal. 
(Operation) 

According to the aforementioned means, the two memory arrays respectively are alternately accessed 
synchronously with the rising edge and the falling edge of the clock. Thus, reading from or writing to one 
of the memory arrays is started before reading from or writing to the other memory array is completed, 
and as a result, pipeline processing is enabled and the memory arrays can operate at an apparent access 
speed that is doubled. 
(Embodiments) 

Figure 1 shows a block diagram of one embodiment of the present invention applied to a serial access 
memory. In addition, Fig. 4 shows the an example of the concrete circuitry required therefor. 
Although no special restriction is intended, each of the circuit blocks enclosed by dotted lines in the figure 
comprises a single semiconductor chip such as a monocry stall ine silicon substrate. 

In Fig. 1, 1A and IB are a memory array having the same storage capacity. The memory arrays 1A 
and IB comprise, for example, a matrix-shaped array of dual-port memory cell MCs that have two sets of 
transfer gates consisting of flip-flops wherein two inverter input/output terminals have been crosslinked. 

Each of the memory arrays 1A and IB is provided with a corresponding input latch circuit 2A and 
2B, an output latch circuit 3A and 3B, a write address counter 4A and 4B, and a read address counter 5A 
and 5B. 
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A write data signal that has been input from a data input terminal Din signal and has been waveform- 
adjusted by a buffer DBF consisting of inverters, etc., is supplied to the aforementioned input latch 
circuits 2A and 2B. The input latch circuit 2A consists of, for example, master-slave flip-flops and latches 
input data synchronously with the falling edge of an externally supplied write clock signal WCKL. 
Additionally, the input latch circuit 2B latches input data synchronously with the rising edge of the write 
clock signal WCKL. 

Moreover, the write clock signal WCKL is supplied to the address counters 4A and 4B, which count 
up synchronously with the falling edge and rising edge respectively, 
p. 588 

Next, the value in the write address counter 4A is supplied to the write decoder 6A for the memory array 
1 A or the value in the write address counter 4B is supplied to the write decoder 6B for the memory array 
IB. The write decoders 6A and 6B consist of an X. decoder WXD that drives a single word line WWL 
within a memory array to the selection level and a Y decoder WYD that turns on and off a column switch 
Qcwl and Qcw2 that connects a pair of data lines WDL and WDL within a memory array to the 
aforementioned input latch circuits 2A and 2B (see Fig. 4). 

On the other hand, an externally supplied read clock RCLK is supplied to the read address counters 
5A and 5B, which count up synchronously with the falling edge and rising edge respectively of the read 
clock RCLK. The value in the read address counter 5A is supplied to the read decoder 7A for the memory 
array 1A or the value in the write address counter 5B is supplied to the read decoder 7B for the memory 
array IB. The read decoders 7A and 7B both consist of an X decoder RX. A read data line RDL and RDL 
are connected to a differential sense amp SA through a column switch Qcrl and Qcr2. 

Moreover, the read clock RCLK is supplied to the output latch circuits 3A and 3b consisting of, for 
example, clocked inverters and drives them alternately to latch the data read out from the memory array 
1 A and IB. The read data latched by the output latch circuits 3 A and 3B is supplied to a common output 
circuit 8. 

The output circuit 8 consists of output stages, etc., wherein an output control gate Gl and G2 and a 
two N-channel MOSFET Ql and Q2 are connected in series, and when an externally supplied out enable 
signal UE is at low level, one of the output MOSFETs Ql or Q2 is turned on according to the read data 
supplied from the aforementioned output latch 3 A or 3B and a data output terminal Dout is driven to high 
level or level. In addition, the output circuit 8 turns the output MOSFETs Ql and Q2 off when an out 
enable signal OE signal changes to high level. As a result, the data output terminal Dout is changed to a 
high impedance state. 
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Continuing, 1 1 is a write counter reset terminal, 12 is a read counter reset terminal, 13 is a write 
enable terminal for reading and writing control, 14 is a chip select terminal for chip selection, and 15 and 
16 are power supply terminals. 

A write counter reset signal WRES that is input to the reset terminal 1 1 is supplied to the write 
address counters 4A and 4B. When the reset signal WRES at low level, the counter 4A is reset on the 
falling edge of the write clock WCLK and the counter 4B is reset on the rising edge of the write clock 
signal WCLK. 

Additionally, a read counter reset signal RRES that is input to the reset terminal 12 is supplied to the 
read address counters 5A and 5B. When the reset signal RRES at low level, the counter 5A is reset on the 
falling edge of the read clock RCLK and the counter 5B is reset on the rising edge of the read clock signal 
RCLK. 

On the other hand, the write enable signal WE and the chip select signal CS that are input to the 
control terminals 13 and 14 are supplied to a control circuit that is not illustrated, where internal control 
signals for each of the circuit blocks within the chip are formed based on these signals. 

Next, the read operation and write operation of the aforementioned serial access memory are 
explained with reference to Figs. 2 and 3. 

When the write counter rest signal WRES is at low level and the write clock signal WCLK is input, 
the write address counter 4A is reset synchronously with the falling edge of the clock signal and the 
address "0" is supplied to the memory array 1 A. Additionally, when the write clock signal WCLK rises 
while the write counter reset signal WRES is low, the write address counter 4B is reset synchronously 
with the rising edge of the clock signal and the address "0" is supplied, with a delay of a half cycle, to the 
memory array IB. 
p. 589 

Thereafter, when the write counter reset signal WRES is at high level, the address counter 4A is 
incremented synchronously with the falling edge of the clock signal WCLK and the address counter 4B is 
incremented synchronously with the rising edge. As a result, the address counters 4A and 4B continue to 
count up alternately with each half cycle of the clock signal WCLK. In addition, the input latch circuits 
2A and 2B alternately repeat latch operations synchronously with the falling and rising edges of the clock 
signal WCLK. 

Accordingly, when write data is supplied synchronously with the write clock signal WCLK to the 
data input terminal Din twice per cycle, the data is written alternately to the memory arrays 1A and IB. 
As a result, writing can be conducted at twice the speed of prior art devices at the same clock speed. 

On the other hand, separately or in parallel with the aforementioned write operation, when the read 
clock signal RCLK is input to the memory after the read counter reset signal RRES has been changed to 
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low level, the read address counter 5A is reset synchronously with the falling edge of the clock signal 
RCLK and the counter 5B is reset synchronously with the rising edge of the clock signal RCLK. When 
the address counters 5A and 5B are updated, a new memory cell is accessed and the output level of the 
sense amp SA is defined after approximately a half cycle. 

In the same way as counter 4A, the input latch circuit 2A for memory array 1 A operates 
synchronously with the falling edge of the write clock signal WCLK and latches the data, but the output 
latch circuit 3 A operates a half cycle behind the counter 5 A and latches the data read from the memory 
array 1A. In addition, the output latch circuit 3A for memory array 1A latches the read data 
synchronously with the falling edge of the read clock signal RCLK. 

In this manner, the memory arrays 1A and IB are read accessed with a delay of a half cycle and the 
output latch circuits 3 A and 3B operate alternately each half cycle. Next, the latched data is sent to the 
common output circuit 8 and is output externally from the data output terminal Dout. As a result, reading 
can be conducted at twice the speed of the prior art while using a clock with the same frequency as the 
prior art. 

However, if the memory cells comprising the memory arrays 1A and IB are made dual-port types, 
read operations can be conducted in parallel with mite operations because they would have a write and 
read address counter and a write and read decoder. Synchronization of the write clock signal WCLK and 
the read clock signal RCLK is decided by the access times when writing to and reading from the memory 
array and, needless to say, they may have mutually different frequencies. 

Note that, in the aforementioned embodiment, the two sides 1 A and 2 A are respectively operated 
synchronously with the falling edge and the rising edge of the clock signal WCLK (RCLK), but separate 
clock input terminals may be created and two clocks that have twice the frequency of the clock in the 
embodiment and are mutually delayed by a half cycle may be input, and operations may be conducted 
synchronously with the falling edges of each. In addition, the embodiment includes a memory array and 
two sets of write and read address counters and input/output latch circuits, but these circuits may be 
divided into three sets and may be operated with a timing delay of 1/3 cycle. 

Because the embodiment explained above is divided into two memory arrays with address counters 
and input/output data latch circuits for each memory array, wherein the counters and latch circuits for one 
memory array are operated synchronously with the falling edge (or rising edge) of the clock signal and 
the counters and latch circuits for the other memory array are operated synchronously with the rising edge 
(or falling edge) of the clock signal, the two memory arrays are accessed alternately, 
p. 590 
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The effect is that reading from or writing to one memory array is started before reading to or writing from 
the other memory array is completed, pipeline processing becomes possible, and operation with an 
apparent access speed that is double is possible. 

A concrete explanation of the invention devised by the inventor has been explained above based on 
an embodiment, but the present invention is not limited to the aforementioned embodiment and various 
modifications are possible provided that they do not deviate from the essentials thereof. For example, in 
the aforementioned embodiment, an address counter is incorporated within the memory chip, but the 
address can also be input externally. 

In the explanation above, the invention devised by the inventor has been generally explained with 
respect to the case in which it is applied to a serial access memory that is the field of industrial application 
given as a background, but the present invention is not limited to this, and it can also be used with dual- 
port memories in which writing on the write side is conducted in parallel and reading on the read side is 
conducted serially or dual-port memories in which both writing and reading is conducted in parallel. 
(Effect of the Invention) 

Explained in simple terms, the effect obtained by the representative invention of the inventions 
disclosed in this application is as follows. 

The apparent access speed of a serial access memory in which two memory arrays are accessed 
alternately can be increased to two or more times that of the prior art. 

4. Detailed Description of the Drawings 

Figure 1 is a block diagram showing an embodiment of a serial access memory to which the present 
invention has been applied. 

Figure 2 is a time chart showing the operation timing when writing to that memory. 

Figure 3 is a time chart showing the operation timing when reading from that memory. 

Figure 4 is a circuit configuration diagram of the major components of the embodiment of a serial 
access memory shown in Fig. I. 

MC: memory cell; WWL: write word line; RWL: read word line 

Agent: Tomio Oikata, Patent Attorney [seal: [illegible]] 

Fig. 1 

[see source for figure] 

1. Write address counter A 

2. Read address counter A 
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3. 


Input latch A 


4. 


Decoder 


5. 


Decoder 


6. 


Memory array A 


7. 


Output latch A 


8. 


Output circuit 


9. 


Memory array B 


10. 


Input latch B 


11. 


Decoder 


12. 


Decoder 


13. 


Output latch B 


14. 


Write address counter B 


15. 


Read address counter B 


[end] 



Fig. 2 

[see source for figure] 

1. Write address (memory array A) 

2. Write address (memory array B) 
[end] 

Fig. 3 

[see source for figure] 

1. Read address (memory array A) 

2. Read address (memory array B) 
[end] 

p. 591 

Fig. 4 

[see source for figure] 
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1 . Input latch 

2. Write Y decoder 

3. Write X decoder 

4. Write address counter 

5. Read address counter 

6. Read X decoder 

7. Read Y decodcr 

8. Sense amp 

9. From other memory array 
[end] 



p. 592 
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